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a b s t r a c t
Bangladesh is a resourceful and densely populated country that has been experiencing frequent disasters
viz. cyclones, tidal surges, ﬂoods, salinity intrusions, droughts etc. which cause large damage to lives and
properties every year. The frequency and intensity of the extreme events have increased signiﬁcantly in
recent decades due to climate change and global warming. This review paper synthesizes extreme
climatic events in Bangladesh in the context of the climate modeling data. The modeling results of
extreme events showed signiﬁcant trends in Bangladesh due to climate change. The results of these
climate models are signiﬁcant to show the importance of climate modeling in Bangladesh and it will
help to promote research on climate modeling in least developed countries like Bangladesh.
& 2014 The Author. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/3.0/).
1. Introduction
Bangladesh is a South Asian disaster-prone country. Almost
every year, the country experiences disasters of one kind or
another — such as tropical cyclones, storm surges, coastal erosion,
ﬂoods, and droughts — causing heavy loss of life and property and
jeopardizing the development activities. The rain fed agriculture of
the country depends on seasonal rainfall and South Asian mon-
soon is the most important climatic phenomenon that is directly
related to the intensity and frequency of rainfall and drought over
the country. The country is already beset with many problems like
high population density (total population 158,570,535 on July 2011
living in an area of 147,570 km2) (The World Factbook, 2011),
shortage of land to accommodate the people, food security, human
health, illiteracy, and so forth. The above mentioned types of
disasters make the problems all the more complicated. In the
foreseeable future, Bangladesh is likely to be one of the most
vulnerable countries of the world in the event of climate change.
The global warming due to the increase in greenhouse gas
concentrations in the earth's atmosphere and the consequent sea
level rise (SLR) are going to add fuel to the ﬁre. Almost every socio-
economic sector in Bangladesh is likely to be affected by climate
change (Ramamasy and Baas, 2007).
Bangladesh ranked 5th in the Global Climate Risk Index, a
ranking of 170 countries that are most vulnerable to climate
change (Kreft and Eckstein, 2013). Fig. 1, describes areas of the
country affected by different types of climate-related disasters. The
nation is particularly at risk because it is a vast delta plain with
230 rivers, many of which unstably swell during the monsoon
rains. This geology, combined with river water from the melting
Himalayan glaciers in the north and an encroaching Bay of Bengal
in the south, makes the region prone to severe ﬂooding. The
situation is made worse by the prevalence of intense storms, a
marker of climate stresses. Sidr, the Category 4 cyclone that
ravaged southern Bangladesh in November 2007, killed some
3500 people, displaced 2 million, and wiped out paddy ﬁelds. Sidr
was followed by two heavier-than-normal ﬂoods that killed some
1500 people and damaged about 2 million tons of food. The United
Nations warns that a quarter of Bangladesh's coastline could be
inundated if the sea level rises 3 feet in the next 50 years,
displacing 30 million Bangladeshis from their homes and farms.
If that happens, the capital, Dhaka, now at the center of the
country, would have its own sea promenade (CCC, 2009).
Research on modeling climatic system is going on to under-
stand the possible impacts of climate change, to make effective
climate policy and to design various adaptive measures. Climate
modeling occupies a special position in the Climate Change related
research and development of adaptation strategies. According to
the the IPCC (Intergovernmental Panel on Climate Change) Special
Report on Emission Scenarios (SRES), a series of possibilities of
earth's future surface temperature at the middle or at the end of
21st century are presented. Global surface temperature increase by
the end of the 21st century is likely to exceed 1.5 1C relative to
the 1850–1900 period for most scenarios, and is likely to exceed
2.0 1C for many scenarios (IPCC, 2013). Such studies show as to
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why climate models are now part and parcel of climate science.
Following are some of the reasons why climate models have
assumed such importance: (a) Signiﬁcant improvements in the
speed of computers which facilitate the analysis of mathematical
models of weather and atmospheric heat and energy processes
very quickly and accurately; (b) Climate models serve as an
important demonstration tool for policy-makers to learn the
possible outcomes and consequences of the increases in various
Fig. 1. Areas affected by different types of climate-related disaster of Bangladesh (MoEF, 2008).
Source: CEGIS, Dhaka.
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greenhouse gases and anthropogenic events; (c) climate models
give an accurate calculation and prediction of the future possible
impacts on mankind by virtual simulation in a very quick manner
without the need for setting up expensive laboratory experiments
for this purpose. In this way climate models are getting popular
day by day and further advancement and improvements are on the
way. Though climate models have many uncertainties (that will be
discussed in this paper later) but the advancement of new
mathematical tools and better understanding of atmospheric
processes will make them ﬂawless in facing the challenges of
complex climatic processes in future.
Climate models incorporate the contributions of atmospheric
dynamics and thermodynamics through the methods of computa-
tional ﬂuid dynamics. This approach was initially developed in the
1950s to provide an objective numerical approach to weather
prediction. It is sometimes forgotten that the early development of
“supercomputers” at that time was motivated in large part by the
need to solve this problem. In the 1960s, versions of these weather
prediction models were developed to study the “general circula-
tion models, GCMs” of the atmosphere, i.e., the physical statistics
of weather systems satisfying requirements of conservation of
mass, momentum, and energy. In 1956, Norman Phillips developed
a mathematical model which could realistically depict monthly
and seasonal patterns in the troposphere, which became the ﬁrst
successful climate model (Phillips, 1956; Cox, 2002). Following
Phillips's work, several groups began working to create general
circulation models (Lynch, 2006). The ﬁrst general circulation
climate model that combined both oceanic and atmospheric
processes was developed in the late 1960s at the NOAA Geophy-
sical Fluid Dynamics Laboratory (NOAA 200th Celebration, 2007).
Coupled ocean-atmosphere climate models such as the Hadley
Center for Climate Prediction and Research's HadCM3 model are
currently being used as inputs for climate change studies (Lynch,
2006).
Though climate models are crucial for making climate policies,
there is still unavailability of the regional basis models especially for
the Least Developed Countries (LDCs). Also there is unavailability of
weather monitoring data throughout the country due to limited
observation stations. This paper reviews modeling extreme climatic
events in Bangladesh in recent decades for the policymakers.
2. Latest improvements in climate modeling
2.1. IPCC 5th Assessment Report 2013
The IPCC 5th Assessment Report (AR5) in 2013 has showed a
considerable improvement of climate modeling over the 4th
Assessment Report (AR4) released in 2007 (IPCC, 2013). On
regional scales, the conﬁdence in model capability to simulate
surface temperature is less than for the larger scales. However,
there is high conﬁdence that regional-scale surface temperature is
better simulated than at the time of the AR4 (IPCC, 2013). There
has been substantial progress in the assessment of extreme
weather and climate events since AR4. Simulated global-mean
trends in the frequency of extreme warm and cold days and nights
over the second half of the 20th century are generally consistent
with observations (IPCC, 2013). There has been some improvement
in the simulation of continental-scale patterns of precipitation
since the AR4. At regional scales, precipitation is not simulated as
well, and the assessment is hampered by observational uncertain-
ties (IPCC, 2013). Climate models now include more cloud and
aerosol processes, and their interactions, than at the time of the
AR4, but there remains low conﬁdence in the representation and
quantiﬁcation of these processes in models (IPCC, 2013). There is
robust evidence that the downward trend in Arctic summer sea ice
extent since 1979 is now reproduced by more models than at the
time of the AR4, with about one-quarter of the models showing a
trend as large as, or larger than, the trend in the observations.
Most models simulate a small downward trend in Antarctic sea ice
extent, albeit with large inter-model spread, in contrast to the
small upward trend in observations (IPCC, 2013). Many models
reproduce the observed changes in upper-ocean heat content (0–
700 m) from 1961 to 2005 (high conﬁdence), with the multi-
model mean time series falling within the range of the available
observational estimates (IPCC, 2013). Climate models that include
the carbon cycle (Earth System Models) simulate the global
pattern of ocean–atmosphere CO2 ﬂuxes, without gassing in the
tropics and uptake in the mid and high latitudes. In the majority of
these models the sizes of the simulated global land and ocean
carbon sinks over the latter part of the 20th century are within the
range of observation (IPCC, 2013). It was concluded in the AR4 that
high-resolution AGCMs (Atmospheric Global Circulation Models)
generally reproduced the frequency and distribution, but under-
estimated intensity of tropical cyclones (IPCC, 2013).
3. Model projection of climate change and extremes in
Bangladesh
3.1. Flooding
Bangladesh ranks as the sixth most ﬂood-prone country in the
world (UNDP, 2004). Bangladesh depends on the South Asian
monsoon for 98% of its rainfall which is expected to increase,
leading to more ﬂooding (Fig. 2). Scientists are also concerned
about the stability of monsoon and the potential for it to undergo
an uncertain shift to a drier regime. In the 5th Assessment Report
of IPCC, it is also mentioned that there is low conﬁdence in
projections of changes in monsoons (rainfall, circulation), because
there is little consensus in climate models regarding the sign of
future change in monsoon (Seneviratne et al., 2012).
Bangladesh faces an additional hydrological challenge in that
the Ganges and Brahmaputra rivers both rise in the Himalaya-
Tibetan Plateau region, where glaciers are melting rapidly. Though
Bangladesh occupies only 7% of the combined catchment area of
the Ganges–Brahmaputra–Meghna river basin, the country has to
drain out 92% of the ﬂow into the Bay of Bengal. Two-thirds of
Bangladesh is less than 5 m above sea level, making it one of the
most ﬂood prone countries in the world. Severe ﬂooding during a
monsoon causes signiﬁcant damage to crops and property, with
severe adverse impacts on rural livelihoods (Table 1). Analysis of
past ﬂood records indicates that about 21% of the country is
subject to annual ﬂooding and an additional 42% is at risk of
ﬂoods with varied intensity (Ahmed and Mirza, 2000). Every four
or ﬁve years, a severe ﬂood occurs during the monsoon season,
submerging more than three-ﬁfths of the land (GOB (Government
of the People's Republic of Bangladesh), 2009). The most recent
exceptional ﬂood, which occurred in 2007, inundated 62,300 km2
or 42% of total land area, causing 1110 deaths and affecting 14
million people; 2.1 million ha of standing crop land were sub-
merged, 85,000 houses completely destroyed, and 31,533 km of
roads damaged. Estimated asset losses from this one event totaled
US$1.1 billion (BWDB (Bangladesh Water Development Board),
2007).
Increase in ocean surface temperature and rising sea levels are
likely to intensify cyclonic storm surges and further increase the
depth and extent of storm surge induced coastal inundation
(World Bank, 2010). The 16 GCMs for three emission scenarios
considered by the IPCC point to a warming of 1.55 1C and a 4%
increase in precipitation by 2050 (Xue and Fennessey, 1996).
Hence, forecasts by most of the climate-related research indicate
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Fig. 2. Bangladesh a monsoon rainfall blessed South Asian country (O'Hare, 1997).
Table 1
Recent extreme ﬂoods in Bangladesh BWDB (Bangladesh Water Development Board, 2007; Islam and Mechler, 2007).
Recent exceptional or catastrophic ﬂoods in Bangladesh
Impact 1974 1987 1988 1998 2004 2007
Area affected (1000 km2) 53 57 90 100 56 62
Total land area inundated (%) 37 40 63 69 39 42
Millions of people affected 30 30 47 31 33 14
Fatalities (no.) 28,700 1657 2379 918 285 1110
Houses damaged (1000s) na 989 2880 2647 895 1000
Roads damaged (km) na na 13,000 15,927 27,970 31,523
Crops damaged(millions of ha) na na 2.12 1.7 1.3 2.1
Asset losses (million US$) 936 1167 1424 2128 1860 1100
GDP (million US$) 12,459 23,969 26,034 44,092 55,900 68,400
Asset losses (% of GDP) 7.5 4.9 5.5 4.8 3.3 1.6
Return period (years) 9 13 55 90 12 14
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vulnerability of Bangladesh to severe monsoon ﬂoods will increase
further with climate change (World Bank, 2010).
To identify the inundation risk exposure out to 2050 under the
baseline and climate change scenarios, a four-step process was
used. First, transboundary ﬂows and estimated runoffs from the
GBM river basins were simulated using the GBM model in the
MIKE Basin platform (IWM, 2009). This model was developed in
2006 at the Bangladesh Water Development Board (BWDB)'s Flood
Forecasting and Warning Center. For this research, the Institute of
Water Modeling updated the model to include river alignments of
the GBM basins, using available physical maps of India, Nepal, and
Tibet. Basin sub-catchments were re-delineated using the Digital
Elevation Model, based on the SRTM-version 3. The model was
ﬁrst calibrated using the 2005 year-round hydrological feature and
validated for 2006 and 2007; further updating used hydrological
data from 2009 (the most recent year).
Second, to generate ﬂood levels, the extent of inundation, and
the duration of extreme ﬂood events for each 300 m300 m grid
during the monsoon period, the National Flood Model of Bangla-
desh, developed by Bangladesh's Flood Forecasting and Warning
Center, was used. The hydrodynamic model, based on the current
national Digital Elevation Model, included all of Bangladesh's
important rivers and canals (Khals) (10,235 km), ﬂoodplain rout-
ing channels (1147 km), and link channels; simulations included
all of the country's existing ﬂood control and drainage infrastruc-
ture and ﬂood protection measures. Bathymetries of the rivers
were updated, incorporating the latest available cross-sections;
bathymetries of ﬂoodplain routing channels were taken from the
national land terrain model of the Flood Action Plan. Flood
forecasting included data from more than 200 rainfall stations
and some 30 evapotranspiration stations.
Third, the results of daily inundation depth were synthesized to
determine the highest depth for each grid point during the
monsoon period and to identify which areas would be vulnerable
to ﬂoods of a minimum, 24-h duration. The choice of 24 h was
based on the potentially severe damage to roads, embankments,
and rural houses that typify ﬂoods of this duration. Models to
reliably determine duration beyond a few days are currently
unavailable. This analysis does not account for urban or ﬂash ﬂoods.
Finally, the grid points were grouped into ﬁve risk exposure
zones (Fig. 3). This Estimate indicates that under the baseline
scenario, 45% of land would be under at least 0.3 m of water.
Under the climate-change scenario (Model for Interdisciplinary
Research on Climate (MIROC) 3.2 GCM and A2 emissions scenario),
the total ﬂooded area would increase by 4%; more importantly, the
inundation depth in most ﬂooded areas would rise. Areas inun-
dated to depths greater than 0.9 m increase from 34% of total area
under the baseline scenario to 40% under the climate-change
scenario. At the peak period, land distribution is about the same
as for the 24 h duration ﬂood.
Globally, it is likely that the area encompassed by monsoon
systems will increase over the 21st century. While monsoon winds
are likely to weaken, monsoon precipitation is likely to intensify
due to the increase in atmospheric moisture. Monsoon onset dates
are likely to become earlier or not to change much. Monsoon
retreat dates will likely be delayed, resulting in lengthening of the
monsoon season in many regions (IPCC, 2013). Climate change and
water inundation is given in Table 2.
A 2 1C warming combined with a 10% increase in precipitation
would increase runoff in the GBM Rivers by 19, 13, and 11%
respectively. In Bangladesh, increased depth of ﬂooding will be
pronounced in the lowlands and of the Faridpur, southwest Dhaka,
Rajshahi, Pabna, Comilla, Sylhet, and Mymensingh greater districts
(Mirza and Dixit, 1997). Also an increase in precipitation over the
GBM basins of about 5% combined with a temperature increase of
around 1 1C could result in up to a 20% increase in area ﬂooded in
Bangladesh. Severity of extreme ﬂoods, such as the 20-year ﬂood
event, is estimated to increase marginally. An increase in monsoon
rainfall by 11 and 20% will increase surface runoff by 20–45% in
Bangladesh (Ahmed and Alam, 1998) In sum, the warmer and
wetter climate predicted for the GBM basin by most of the climate-
related research indicates vulnerability of Bangladesh to severe
monsoon ﬂoods will increase with climate change in the ﬂood
prone areas of Bangladesh (Fig. 4).
Climate change therefore threatens both previous achieve-
ments and future efforts to reduce poverty in Bangladesh to date,
particularly by reducing water and food security and damage to
essential infrastructure during more frequent disaster events.
Bangladesh has always been vulnerable to climate variability. This
is due to its geographical features and location, high inﬂuence of
monsoon and regional ﬂow patterns, too much water in monsoon
and too little water in the dry season, etc. These have signiﬁcant
effects on the socio-economic realities, i.e. population density,
inequity and deprivation, poverty and per capita resource endow-
ment, and development practices. The overall impacts on Bangla-
desh already are and will be signiﬁcant since climate variability
and change will signiﬁcantly affect the hydrology. The location of
the country in the regional setting is in itself an element of
vulnerability by giving rise to climate extremes. Further, the
regional aspects of water management put additional difﬁculty
toward adaptation to climate change and climate variability.
3.2. Drought
From the IPCC 5th Assessment Report AR5, there is medium
conﬁdence that droughts will intensify in the 21st century in some
seasons and areas, due to reduced precipitation and increased
evapotranspiration (Seneviratne et al., 2012). During the post-
monsoon to pre-monsoon cycle, rainfall diminishes while tem-
perature increases. Low rainfall runoff reduces river ﬂows, conse-
quently salinity penetrates along the coastal rivers. A combination
of increased temperature and reduced rainfall results in an
increase in evapotranspiration, detrimental to crop growth.
Drought prone areas in Bangladesh under climate change scenario
projections, already under low rainfall in the dry season will be
further affected. However, winter and pre-monsoon temperatures
will rise signiﬁcantly. The following consequences are possible: a
sharp rise in evapotranspiration and diminishing rainfall will
further reduce available ﬂows in rivers. As a result, salinity will
penetrate inland, restricting choice for the most preferred crops.
Also, the lowering of rainfall runoff will either limit irrigation or
put increased economic constraints on the already poor farmer.
Production of wheat, rice variety of HYV Aus and Boro might no
longer be economically suitable under climate change (Fig. 5).
Increased surface temperature will lead to release of more carbon
from the topsoil, which in turn will reduce fertility of soils.
Increased water demand for irrigation will lead to increase its
withdrawal from the already lean surface water systems leading to
further decrease in lean season ﬂow in the rivers. An additional
quarter of a million hectare land will become affected by salinity,
on top of the 3.05 million ha already affected. This will force
farmers to grow crops of economically lesser returns (Climate
change cell, 2006).
3.2.1. Drought, summer 2010
Bangladesh usually receives more than 75% of its annual rain-
fall during the summer monsoon season (June–September).
During the 2010 season, the monsoon trough was further south
than usual. This resulted in the driest monsoon since 1994 in
Bangladesh, with a seasonal rainfall total of about 19% less than
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the long-term average. This occurred despite an active and strong
monsoon in Pakistan, India and Sri Lanka (Rajeevan et al., 2011).
3.3. Sea level rise (SLR)
It is very likely that mean sea level rise will contribute to
upward trends in extreme coastal high water levels in the future
and adverse effect on coastal zones (Seneviratne et al., 2012). The
projected SLR along the coastal areas of Bangladesh will be about
88 cm by the year 2100 (Climate change cell, 2006). If this comes
true, a majority of the low-lying non-embanked coastal areas may
be completely inundated. There will be increasing risk of coastal
salinity (both soil as well as surface water, including drinking
water from wells). Scarcity of saline free drinking water will be
even more pronounced. Cyclone prone areas in Bangladesh SLR
will have compounding effects on coastal drainage and erosion
(Fig. 6). The mixing zone between fresh water and saline water
will also shift. Land use suitability, particularly in relation to current
agricultural practices will change. Embanked coastal agricultural
areas will be at higher risk of tidal surge and subsequent inundation
with saline water. SLR will cause shoreline retreat, resulting in
increase in basin area, which contributes to increasing the cyclone
path length. This will allow the cyclone to remain for a longer time
in the water, acquire and release more latent heat, resulting in more
energy, intensity and wind speed (Climate change cell, 2006).
Enumeration of economic cost has been derived from two
modeling outputs – one physical adaptation model and one
economic model (CCC, 2009). The physical adaptation model has
been used to simulate two SLR scenarios; 27 cm SLR at the end of
year 2050 and 62 cm at the end of year 2080 as per IPCC‐III
assessment. Against each scenario, depth of ﬂooding has been
estimated and net change in the inundated area for different land
types have been calculated (Table 3).
It has been calculated that the net investment cost for raising
the embankment for the probable SLR of 27 cm (year 2050) and
62 cm (year 2080) will be around Tk. 34,828 million (US$ 500
million) approximately.
3.4. Cyclones
Bangladesh is also a global hotspot for tropical cyclones (UNDP,
2004).
Nearly every year, cyclones hit the country's coastal regions in
the early summer (April–May) or late rainy season (October/
November). On average, a severe cyclone (26–34% inundation
area) strikes the country every three years (GOB (Government of
the People's Republic of Bangladesh), 2009). In 2007, Cyclone Sidr,
a 10-year return cyclone, struck the southwest coast of Bangladesh
with an average wind speed of 223 km per hour, causing 3406
casualties, 55,282 injuries and affecting 8.9 million people. It damaged
0.6 million ha of standing crop land, completely destroyed 537,775
houses, and submerged 8075 km of roads. Estimated damages and
losses from Cyclone Sidr totaled US$1.67 billion (GOB (Government of
the People's Republic of Bangladesh), 2008).
Fig. 3. Comparison of risk-exposure zones for 24-hour duration ﬂoods (IWM, 2009).
Table 2
Climate change and ﬂooding in Bangladesh (Dasgupta et al., 2010).
Additional inundation depth
due to climate change (cm)
Area (sq km) Share of total area (%)
No change 70,249 52.6
1–5 cm 56,102 42.0
5–10 cm 5841 4.4
10–15 cm 786 0.6
More than 15 cm 544 0.4
Total 133,522 100.0
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There are ﬁve cyclone tracks of Bangladesh: the Sundarban
coast, southwestern coast (Sundarban to Patuakhali), Bhola and
Noakhali coast in the Meghna Estuary, and eastern coast (Sita-
kunda to Banshkhali). To determine potential future inundation
zones by 2050 under the climate-change scenario, the storm-surge
model was run for the ﬁve cyclone tracks. Based on simulation
results, inundation maps for 2050 were generated. Under the
climate-change scenario, the vulnerable area would be 55% greater
than under the baseline scenario, with an additional 2 m of
inundation depth. Currently, cyclonic storm surges expose 8 mil-
lion people in coastal Bangladesh to inundation depths greater
than 1 m. With upswing population growth, that ﬁgure would
likely increase to 68% by 2050 under the baseline scenario. In a
changing climate without further adaptation measures, nearly 17
million people would be exposed to inundation depths greater
than 1 m, and about 13.5 million to depths greater than 3 m
(Table 4). To approximate cyclones in a changing climate by 2050,
this analysis considered a sea-level rise of 27 cm (UK DEFRA
(Department for Environment, Food and Rural Affairs), 2007),
increased wind speed of 10% (Xue and Fennessey, 1996), and
landfall during high tide. There is no systematic observational
analysis included for storms because, despite recent progress
(Peterson et al., 2011; Cornes and Jones, 2011) wind data are not
yet adequate for worldwide robust analysis.
Fig. 4. Flood prone areas in Bangladesh (Climate change cell, 2006).
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3.5. Temperature extremes
Extreme events are very rare, severe and intense determined
by their spatial (thunderstorm, river ﬂooding and heat wave) and
temporal scales (hours, days, weeks) as shown in Fig. 7.
According to the IPCC Special Report on Emission Scenarios
(SRES) A2 and A1B emission scenarios, a 1-in-20 year annual
hottest day is likely to become a 1-in-2 year annual extreme by the
end of 21st century in most regions, except in the high latitudes of
the Northern Hemisphere where it is likely to become 1-in-5 year
annual extreme (Seneviratne et al., 2012).
A focus on extremes of temperature selected from 2000 onwards,
reported in the World Meteorological Organization (WMO) in
Table 5. The cold spell in January 2007 is presented below as an
example of an extreme temperature event in Bangladesh.
In January 2007, a severe cold spell swept through northern
districts of Bangladesh, where temperatures were reported to be
the coldest in 38 years. Media reports put the number of fatalities
at 141 by 24 January, with a total of 1.9 million people affected
(Disaster Relief and Emergency Fund, 2007). The media also
reported that the cold was made worse by thick fog, which caused
damage to communications and agriculture. International ﬂights
were delayed and road and river transport disrupted (Disaster
Relief and Emergency Fund, 2007).
3.5.1. Analysis of long-term features in moderate temperature
extremes
The data for Bangladesh have been interpolated from 11
degree gridded data provided by the National Climate Center, Pune
(UK Met Ofﬁce, Hadley Center, 2011). Therefore the data in the
southern parts of the country are extrapolations from these Indian
grids. There is high conﬁdence in the reduction of the number of
cool nights and an increase in the number of warm nights over the
period 1970–2009 (Fig. 8). There is an indication that the number
of cool nights is reducing more quickly in northern Bangladesh.
There is a trend towards fewer cool days and more warm days but
these only have low conﬁdence.
3.6. Precipitation extremes
It is likely that the frequency of heavy precipitation will
increase in 21st century over many areas of globe. This is
particularly the case in the high latitudes and tropical regions,
and in winter in the northern mid-latitudes. There is medium
conﬁdence that, in some regions, increase in heavy precipitation
will occur despite projected decrease in total rainfall. For a range of
emission scenarios ( SRES A2, A1B, B1), a 1-in-20 year annual
maximum 24-h heavy precipitation rate is likely to become a 1-in-
5 year event at the end of the 21st century in many regions and in
most regions the higher emission scenarios (A1B and A2) lead a
greater projected decrease in return period (Seneviratne et al.,
2012).
Precipitation extremes, either excess or deﬁcit, can be hazar-
dous to human health, societal infrastructure, and livestock and
agriculture (Table 6). While seasonal ﬂuctuations in precipitation
are normal and indeed important for a number of societal sectors
(e.g. tourism, farming etc.), ﬂooding or drought can have serious
negative impacts. These are complex phenomena and often the
result of accumulated excesses or deﬁcits or other compounding
factors such as spring snow-melt, high tides/storm surges or
changes in land use. While the narrative here includes all types
of ﬂood and drought, the observation section deals purely with
meteorological events Fig. 9.
Three events, the drought in summer 2010 and the ﬂoods of the
summers of 2004 and 2007 are highlighted below as examples of
extreme precipitation events that have affected Bangladesh
(World Meteorological Organization, 2001, 2004, 2005, 2008,
2009, 2010, 2011; Lyon et al., 2003).
3.6.1. Analysis of long-term features in precipitation
Data from the 1111 gridded data provided by the National
Climate Center, Pune, have been used to update the HadEX extremes
analysis for Bangladesh from 1960 to 2007 for daily precipitation
totals (UK Met Ofﬁce, Hadley Center, 2011).
4. Uncertainty of modeling:
Climatic system is complex, chaotic, non-linear. The Earth's
climate system is highly nonlinear: here inputs and outputs are
not proportional. There is a relatively poor understanding of
the different types of nonlinearities, how they manifest under
various conditions, and whether they reﬂect a climate system
driven by astronomical forcing, by internal feedbacks, or by a
combination of both. As the IPCC WGI Second Assessment Report
(Intergovernmental Panel on Climate Change (IPCC), 1995) (SAR)
has previously noted, “future unexpected, large and rapid climate
system changes (as have occurred in the past) are, by their nature,
difﬁcult to predict”.
There are three main sources of uncertainty in the projections:
the natural variability of climate; uncertainty in climate model
parameters and structure; and projections of the future emissions.
Projections for different emission scenarios generally do not
strongly diverge in the coming two to three decades but uncer-
tainty in the sign of change is relatively large over this time frame
because climate change signals are expected to be relatively small
compared natural climate variability. For certain extremes (e.g.,
precipitation related extremes), the uncertainty in projected
changes by the end of 21st century is more the result of
uncertainties in climate models rather than uncertainties in future
emissions. For other extremes (in particular temperature extremes
at the global scale and in most regions), the emissions uncertain-
ties are the major source of uncertainty in projections for the end
of 21st century (Seneviratne et al., 2012).
Detection and attribution studies based on CMIP3 models
suggest that models tend to overestimate the observed warming
of warm temperature extremes and underestimate the warming of
cold extremes in the second half of 20th century (Christidis et al.,
2011; Zwiers et al., 2011) as noted in SREX (Seneviratne et al.,
2012). Growing evidence has shown that high-resolution models
(50 km or ﬁner in the atmosphere) can reproduce the observed
intensity of extreme precipitation (Wehner et al., 2010; Endo et al.,
2012; Sakamoto et al., 2012).
Fig. 5. Impact of drought on agriculture and crop production (Climate change cell,
2006).
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GCMs ( Global Circulation Models) depict the climate using a
three dimensional grid over the globe, typically having a horizon-
tal resolution of between 250 and 600 km. Their resolution is thus
quite coarse relative to the scale of exposure units in most impact
assessments, many physical processes, such as those related to
clouds, also occur at smaller scales and cannot be properly
modeled. Downscaling is a method that derives local to regional-
scale (up to 100 km) information from larger-scale models or data
analysis ( Fig. 10). Two main methods are distinguished: dynamical
downscaling and statistical downscaling. The dynamical method
uses the output of regional climate models (RCMs), global models
with variable spatial resolution, or high resolution global models.
Fig. 6. Cyclone prone areas in Bangladesh (Climate change cell, 2006).
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The statistical methods develop statistical relationships that link
the large-scale atmospheric variables with local/regional climate
variables.
Dynamical downscaling uses high resolution RCMs, currently at
scales of 20 to 50 km. The main advantage of dynamical down-
scaling is its potentials for capturing mesoscale non-linear effects
and providing information for many climate variables at a rela-
tively high spatial resolution.
Statistical downscaling methods use relationships between
large-scale ﬁelds and local scale surface variable that have been
derived from observed data and apply these to equivalent large-
scale ﬁelds simulated by climate models (Christensen et al., 2008).
Statistical downscaling methods are able to access ﬁner spatial
scales than dynamic methods and can be applied to parameters
that cannot be obtained from RCMs. Statistical downscaling
methods requires observational data at the desired scale for a
long enough period to allow the model to be well trained and
validated.
Most Shortcomings in GCMs and RCMs results from the fact
that many small-scale processes ( e.g., representation of clouds,
convection and land surface processes) are not represented
Table 3
Inundated area [ha] for different land types (CCC, 2009).
Land type Base
condition
2050 (A2,
27 cm SLR)
2080 (A2,
62 cm SLR)
Change in Land
type due to
62 cm SLR
F0 (0.30 cm) 358,300 321,100 244,500 113,800 (3%)
F1 (30 cm–90 cm) 878,800 843,200 801,000 77,800 (2%)
F2 (90 cm–180 cm) 633,400 833,300 967,400 þ334,000 (10%)
F3 (180 cm–300 cm) 184,700 262,500 367,500 þ191,800 (6%)
F4 (4300 cm) 27,100 34,200 39,000 þ11,900 (o1%)
Note: -ve means decrease in land area and þve means increase in land area.
Land area in coastal region in Bangladesh¼3,455,800 ha
Table 4
Risk area by 2050 in a changing climate (IWM, 2009).
Inundation
depth (m)
Baseline scenario
(km2)
Climate-change scenario
(km2)
Change
(%)
41 20,876 23,764 þ14
3 10,163 17,193 þ69
Fig. 7. Extreme climatic events (Sillmann, 2009).
Table 5
Selected extreme temperature events in South Asia (World Meteorological Organization, 2004, 2005, 2006, 2007).
Year Month Event Details Source
2003 Jan Cold and Fog Hundreds of lives lost in Pakistan, Nepal and Bangladesh WMO (2004)
2003 May Heat Wave Temperatures in India, Pakistan and Bangladesh 45–49 1C WMO (2004)
2004 Winter Cold 600 deaths in N. India and Bangladesh. Temperatures 6–10◦C below normal. WMO (2005)
2005 May–June Heat Wave Temperatures reach 45–50 1C in India, Pakistan and Bangladesh WMO (2006)
2006 Dec–Jan Cold Nearly 300 lives lost in India and Bangladesh WMO (2007)
Fig. 8. Change in cool nights (a), warm nights (b), cool days (c), warm days (d), for
Bangladesh over the period 1970–2010 relative to 1111 gridded data provided (UK
Met Ofﬁce, Hadley Center, 2011). Thin and black dotted lines show monthly and
annual variation respectively. Monthly (orange) and annual (blue) trends are ﬁtted
as above.
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explicitly (Randall et al., 2007). One of the important processes i.e.,
climatic feedback on Earth is still poorly understood (e.g., land–
atmosphere interactions, ocean–atmosphere interactions, strato-
spheric processes) (Seneviratne et al., 2012). For instance, even
atmospheric models with approximately 20 km horizontal
resolution still do not resolve the atmospheric processes sufﬁ-
ciently ﬁnely to simulate the wind speeds and low pressure
centers of the most intense hurricanes (IPCC AR5).
Extremes may also be impacted by mesoscale circulations that
GCMs and RCMs cannot resolve, such as low-level jets and their
coupling with intense precipitation (Menendez et al., 2010). A
potential source of uncertainty in downscaling methods is that the
calibration of statistical models and the parametrizations schemes
used in dynamical models are necessarily based on present (and
past) climate. Thus they may not able to capture changes in
extremes that are induced by future mechanistic changes in
regional (or global) climate, that is, outside the range for which
they are designed (Christensen et al., 2008).
5. Conclusions
Climate models are important to analyze climate change and its
extreme impact on Bangladesh as it is a disaster prone, least
developed and highly populated country. To face the challenges of
climate change in the upcoming decades, adaptation strategies
and agricultural or economical policy should consider regional
climate models and its various forecasts. More rigorous research of
both physical and statistical science is needed to understand the
behavior pattern of extreme climatic events. As discussed earlier in
the paper that there is low conﬁdence in projections of changes in
monsoons (rainfall, circulation), and regional scale precipitation.
But monsoon is the most important climatic events of this rainfed
agricultural country. Accurate prediction of monsoon will help the
farmers to grow crops properly. Modeling climate systems require
high level of technical knowledge, skills and technology as super-
computers, sophisticated laboratory. In an LDCs like Bangladesh
these logistics are scarce. But it is necessary to have these in the
country so that it could have its regional and local level modeling
institutions and from these institutions annual or monthly
weather forecast and predictions are given to the farmers for
adapting with the changing climate. Climate models can not be
Table 6
Selected extreme events since 2000.
Year Month Event Details Source
2000 Summer
monsoon
Flooding Related to La-Ñina Oct 1998–Dec 2000 –severe ﬂooding in SE Asia WMO (2001)
2002 Summer
monsoon
Flooding 10 million people affected in NE India, E Nepal, Bangladesh. Worst observed in more than a decade. Lyon et al. (2003)
2003 Summer
monsoon
Flooding Ganges river riches highest level since 1975. WMO (2004)
2004 June–Oct Flooding Worst ﬂooding in 15 years. Millions of people displaced in Assam, Bihar and Bangladesh. WMO (2005)
2007 Summer
monsoon
Flooding Worst ﬂooding in years in parts of Asia; thousands of lives lost. WMO (2008)
2008 Summer
monsoon
Flooding More than 2000 deaths across India, Pakistan, Bangladesh and Nepal. Rajeevan and Revadekar
(2009)
2009 July Flooding 29th July: 290 mm rain in Dhaka, (highest daily July total since 1949) WMO (2010)
2010 Summer Drought Driest monsoon since 1994 WMO (2011)
Fig. 9. The change in annual total rainfall (a), the annual number of continuous dry
days (b) and annual number of continuous wet days (c) over the period 1960–2007
from the 1111 gridded data provided by the National Climate Center, Pune (UK
Met Ofﬁce, Hadley Center, 2011). The green vertical lines show the dates of ﬂoods of
2004 and 2007.
Fig. 10. Scales in GCM and RCM.
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used if there is lack of monitoring data to ﬁt the modeling data. For
this, it is necessary to have sufﬁcient amount of weather monitor-
ing stations throughout the country. Finally, a continuous sharing
of information should exist between Climate Modelers from
Bangladesh Meteorological Department (BMD) and the World
Meteorological Organization (WMO) to have a better analysis of
dynamically interconnected global and regional climatic systems.
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